SUMMARY
All patients were controlled on P-adrenergic blocking drugs which were continued until the evening before surgery. Premedication comprised lorazepam 4-6 mg by mouth 2 h before operation and their usual dose of calcium antagonist and nitrate if they were maintained on this therapy. They were allocated by means of a table of random numbers to receive either sufentanil or fentanyl.
ECG monitoring was commenced when the patient arrived in the operating theatre. Peripheral venous, jugular venous and radial artery cannulation was performed under local anaesthesia. A quadruple-lumen thermodilution catheter was floated into the pulmonary artery for measureDownloaded from https://academic.oup.com/bja/article-abstract/60/5/530/261387 by guest on 22 April 2019 ment of central venous (CVP), pulmonary artery (PAP) and wedge (PCWP) pressures. Cardiac output was determined using iced injectate (5% dextrose 10 ml), taking the arithmetic mean of three consecutive values within 10% of each other. All cardiac output measurements, pulmonary capillary wedge and central venous pressures were taken at the end of expiration.
Preoxygenation was undertaken for a period of approximately 10 min, during which time baseline measurements of heart rate, systolic, diastolic and mean arterial pressure, central venous, pulmonary artery and pulmonary capillary wedge pressure and cardiac output were recorded. Samples of arterial blood were obtained for gas analysis.
All patients received pancuronium 0.03 mg kg" 1 1 min before induction of anaesthesia (table I) . The patients received either sufentanil 5 ug kg" 1 or fentanyl 25 ug kg" 1 injected over 1 min. All drugs were administered via the central catheter and flushed with 5% dextrose. Time to loss of eyelash reflex was noted, at which time a further dose of pancuronium 0.07 mg kg" 1 was given. Ventilation was assisted by hand to maintain normocapnia, checked by arterial blood-gas measurements. Cardiovascular measurements were recorded 5 min after the initial dose of pancuronium and intubation was performed at 7 min, with further haemodynamic variables recorded 1 min thereafter. The patient's lungs were or fentanyl 12.5 ug kg" 1 was given 1 min before skin incision and also 1 min before sternotomy, haemodynamic variables being recorded before and 1-2 min after both events at time of maximum increase in arterial pressure.
Systemic vascular resistance (SVR), left ventricular stroke work index (LVSWI) and cardiac index (CI) were calculated using a standard computer program.
No fluid was administered during the period of study other than the dextrose used for cardiac output determination. Any muscle rigidity during the study was noted. All patients were questioned the next day on recall of events in the anaesthetic room and during anaesthesia.
The results were analysed using repeated measures analysis of variance, and, where statistically significant effects were observed in the analysis of variance, means were compared by Student's t test using the appropriate standard errors derived from the analysis. A significance level of less than 5 % was considered significant throughout.
RESULTS
Patients were comparable with respect to age, weight and preoperative drug therapy (table II) .
Loss of eyelash reflex occurred in a mean of 67 s (range 45-120 s) and 82 s (range 35-165 s) in the sufentanil and fentanyl groups, respectively, although the difference was not significant. Haemodynamic values at all the times studied are shown in table III. Analysis of variance showed that the time-course of change in mean arterial pressure was significantly different (F = 2.49; P < 0.05) in the two groups, with sufentanil producing a greater decrease in pressure following induction which remained lower than with fentanyl throughout the period of study ( fig. 1 ). For CVP and LVSWI the analysis of variance showed a difference in baseline between the groups, therefore analysis was repeated with baseline results used as a covariate in the analysis. The change with time was similar in both groups (F = 0.42; P > 0.05) but, after adjustment for differences in baseline, LVSWI was significantly smaller following intubation and during the remainder of the study in the sufentanil group (F=7.72; P<0.0l). CVP was significantly greater (P < 0.05) in the fentanyl group following intubation, but otherwise there was no significant difference between groups during the remainder of the study. Analysis of variance showed no difference between the groups in any of the other haemodynamic indices, although differences with time were noted. Heart rate increased significantly in both groups (P < 0.05) following induction and intubation, but returned to baseline values for the duration of the study.
Mean pulmonary and pulmonary capillary wedge pressure showed no significant change during the period of study in either group.
Systemic vascular resistance decreased significantly in both groups (P < 0.001) following induction and then increased progressively during the study, with an insignificant increase above baseline following sternotomy.
Cardiac index remained stable during induction and intubation with a decrease from baseline before skin incision (P < 0.01).
The mean data shown in table III obscure any particular change in cardiovascular dynamics occurring in individual patients. For this reason cardiovascular data have been reviewed from several individual patients in whom marked changes in mean arterial pressure occurred. One patient who received fentanyl had an increase in mean arterial pressure from a baseline of 106 mm Hg to 131 mm Hg following induction of anaesthesia, associated with an increase in heart rate from 57 to 75 beat min" 1 and in PCWP from 7 to 11 mm Hg, and a high LVSWI value of 59.1 gmm"
2 . This high mean arterial pressure was maintained until skin incision with no decrease following further supplementation with fentanyl. Although there was no evidence of myocardial ischaemia as detected on ECG lead CM 6 , it was felt necessary to supplement the anaesthetic with halothane after skin incision. This patient was included in the study. One other patient who received fentanyl had a marked increase in mean arterial pressure from 81 mm Hg to 124 mm Hg associated with an increased heart rate from 82 to 117 beat min" 1 , PCWP 17 mm Hg and LVSWI of 65.2 g m m~2 at insertion of skin clips, but this responded to supplementation with fentanyl before skin incision. Both patients reported no recall of events during the operation. One patient in the sufentanil group had a high baseline mean arterial pressure (122 mm Hg) which decreased to 101 mm Hg before skin incision, but increased to baseline values after skin incision and during sternotomy. One sufentanil-treated patient had a mean arterial pressure which decreased from 115mmHg at baseline to 70 mm Hg following induction. The lowest mean arterial pressure in the sufentanil treated patients at any time was 62 mm Hg. None of these changes in mean arterial pressure was associated with any evidence of myocardial ischaemia on ECG at any time in either group.
DISCUSSION
In this study induction of anaesthesia was rapid in both groups, explained by the rapid administration of sufentanil and fentanyl over 1 min. Rapid administration of fentanyl produces higher peak blood concentrations and more rapid induction of anaesthesia. It has further been shown that there is little difference in onset of anaesthesia or cardiovascular effects between 15 and 60 ug kg" 1 of fentanyl when administered rapidly at 72 ug kg" 1 min" 1 [4] . De Lange [3] found that, by increasing the rate of administration of sufentanil to 300 ug min" 1 , anaesthetic induction was faster; rates above this increased the overall frequency of rigidity without decreasing induction time. The induction time of 1.3 min for sufentanil in De Lange's study is similar to our figure of 62 s, although he found a slower induction time of 4.6 min when fentanyl was administered at 400 ug min"
1 . In our study fentanyl was administered at approximately 1750 ug min" 1 , which would explain the more rapid induction time of 82 s.
With such rapid administration. of opioid, pretreatment with pancuronium 0.03 mg kg" 1 1 min before induction prevented any marked rigidity, and in fact only three patients had slight rigidity lasting 30 s.
This study, therefore, used doses of opioids in the lower therapeutic range administered rapidly to produce induction of anaesthesia and lack of cardiovascular response to intubation. Waller and his colleagues [5] , however, found that a single induction dose of fentanyl 60 (ig kg" 1 was insufficient to block haemodynamic changes following sternotomy and Sebel and Bovill [2] found similar inadequacies with a single dose of sufentanil 15ugkg~l. In our study, therefore, supplements of one-half the original dose of opioid were given before skin incision and before sternotomy in an attempt to ablate the haemodynamic response to surgical stimulus.
Using this opioid regimen, mean arterial pressure was significantly less in the sufentanil group at all times following induction of anaesthesia and during the study, and did not increase above baseline values following sternotomy. The decrease in mean arterial pressure in both groups following induction was initially the result of a decrease in peripheral vascular resistance. In conjunction with this lower mean arterial pressure, the left ventricular stroke work index was also less in the sufentanil group, which is advantageous in patients with ischaemic heart disease.
The transient increase in heart rate in both groups following induction of anaesthesia may be assumed to be an effect of the pancuronium, as this increase was not maintained during the remainder of the study and further supplements of opioids had no effect on the heart rate. Thomson and Putnins [6] found that patients given pancuronium, compared with those given dimethyltubocurarine, had significantly increased heart rates following induction and continuing through to sternotomy, despite the presence of |3-adrenergic blockade. However, Pinaud and Souron [7] found that P-adrenergic blockade attenuated the increase in heart rate associated with pancuronium, producing only a slight and transient increase for 5 min after administration of pancuronium, as in our study. Pancuronium increases heart rate by two mechanisms: release of noradrenaline and inhibition of re-uptake of noradrenaline-effects which should be blocked by P-blockade. The second mechanism is by vagal blockade, and since our patients did not receive any vagolytic premedication, this mechanism may be the reason for the increase in heart rate associated with pancuronium in our study.
No difference was found between groups with respect to systemic vascular resistance, unlike the study by Howie and colleagues [8] , in which sufentanil produced a greater decrease in SVR than fentanyl when using twice the dose of opioid used in our study. These workers found no difference in mean arterial pressure between groups. However, if the potency ratio is incorrect, the lower doses used in this study may have given a false impression of the effectiveness of sufentanil. If the higher potency ratio of 10 times, rather than five times, had been taken and a larger dose of fentanyl given, there might have been no differences in cardiovascular stability between the groups.
The degree of P-adrenergic blockade present at operation may influence changes in heart rate and arterial pressure during laryngoscopy, skin incision and sternotomy. Stanley, de Lange and Boscoe [9] found that a mean dose of sufentanil 11.4 ug kg" 1 was required in patients who received long term P-blocking therapy, compared with a mean dose requirement of sufentanil 14.8 ug kg" 1 in patients not subjected to P-blockade. All patients in this study were receiving P-blocking drugs, although they did not receive any medication on the morning of surgery. This may account for the adequate control of heart rate and arterial pressure obtained with these relatively low doses of sufentanil, although a further study is required to ascertain if this dose of sufentanil is adequate in patients not receiving P-blocking therapy.
In conclusion, all patients in the sufentanil group were adequately anaesthetized. However, two patients in the fentanyl groups had a marked hypertensive response to surgical stimuli, although no awareness was reported, perhaps because of the amnesic properties of the lorazepam premedication. The suggestion that sufentanil was superior to fentanyl in these doses is confirmed by the lower mean arterial pressure and left ventricular stroke work index in the sufentanil group, with no profound hyper-or hypotensive episodes in this group.
